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理进行研究，本文选择 5 种山榄科果树古巴牛乳树［Manilkara roxburghiana 
(Wight) Dubard］、人心果［Manilkara zapota (L.) van Royen］、神秘果（Synsepalum 
dulcifcum Denill）、蛋黄果（Lucuma nervosa A. DC.）和星苹果（Chrysophyllum 
cainito L.）进行 NaCl 胁迫下的适应生理、组织结构变化及差异蛋白等方面研究，
为实际应用提供理论依据。研究结果如下：  
1.  研究 4 属 5 种山榄科果树在 NaCl 胁迫下的耐盐性及生理生态响应。采








POD 活性，古巴牛乳树和蛋黄果叶的 CAT 活性，推测它们在防止活性氧引起的








种山榄科果树的耐盐性强弱顺序为：蛋黄果 ＜ 星苹果 ＜ 神秘果 ＜ 人心果 
＜ 古巴牛乳树。 

















枝条、叶的 Cl－、Na＋、Ca2＋含量均随处理浓度增加而增加，K＋含量和 K＋/ Na＋
比随处理浓度增加而降低。 
古巴牛乳树根的 Cl－含量在 8‰时为对照的 7.86 倍，枝条的 Cl－含量在 8‰
时为对照的 11.82 倍，叶的 Cl－含量在 6‰时为对照的 13.87 倍，在 8‰时达对照
的 16.53 倍。根的 K＋/ Na＋比在处理浓度 6‰时为 0.23，在 8‰时为 0.17，枝条的
K＋/ Na＋比在处理浓度 6‰时为 0.34，8‰时为 0.25，叶的 K＋/ Na＋比在处理浓度 6
时为 0.24，在 8‰时为 0.16。相同处理浓度下，Cl－、K＋、Ca2＋含量高低顺序均
为：根 ＜ 枝条 ＜ 叶；Na＋含量高低顺序为：枝条 ＜ 根 ＜ 叶。相同处理
浓度下，叶的 Cl－、Na＋、K＋、Ca2＋ 4 种离子含量均比根、枝条高。 
人心果根的 Cl－含量在 6‰时为对照的 7.96 倍，在 8‰时达对照的 8.94 倍，
枝条的 Cl－含量在 8‰时为对照的 6.77 倍，叶的 Cl－含量在 8‰时达对照的 4.49
倍。根的 Na＋含量在 8‰时为对照的 2.16 倍，枝条在 8‰时为对照的 2.88 倍，叶
在 8‰时达 2.45 倍。根的 K＋/ Na＋比在处理浓度 6‰时为 0.15，在 8‰时为 0.13，
枝条的 K＋/ Na＋比在处理浓度 6‰时为 0.60，在 8‰时为 0.43，叶的 K＋/ Na＋比在
处理浓度 6‰时为 0.43，在 8‰时为 0.35。相同处理浓度下，根的 Cl－、Na＋含量
均 高，具体是 Cl－含量高低顺序为：枝条 ＜ 叶 ＜ 根；Na＋含量高低顺序为：
叶 ＜ 枝条 ＜ 根； K＋含量高低顺序为：根 ＜ 叶 ＜ 枝条；Ca2＋含量顺序为：
根 ＜ 枝条 ＜ 叶。 
研究结果表明古巴牛乳树和人心果对 NaCl 胁迫的抗性方式不同，植物体吸










































古巴牛乳树叶片差异蛋白表达量变化在 2 倍以上的有 21 个（3 个上调表达，
18 个下调表达）。检测到的 13 个蛋白除编码为 1 的蛋白点（未知蛋白）上调外，
其它 12 个均为下调的蛋白点，包括与代谢相关的磷酸甘油酸激酶和叶绿体碳酸
酐酶，与抗氧化相关的 L-抗坏血酸过氧化酶，具有分子伴侣功能的 5 个热激蛋
白等，这些功能的减弱和古巴牛乳树盐害有一定关系。 
人心果叶片差异蛋白表达量变化在 2 倍以上的有 35 个（15 个上调表达，20
个下调表达。检测到的 24 个蛋白有与代谢相关的细胞质型苹果酸脱氢酶、甘油
醛-3-磷酸脱氢酶、细胞分裂蛋白、ATP 合成酶及肽基脯氨酰基顺反异构酶，具















大亚基结合蛋白 α亚基，与抗氧化相关的蛋白有细胞色素 C 过氧化物酶，还有 5
个未知蛋白。研究结果推断导致人心果出现盐害的是细胞分裂蛋白、ATP 合成酶、





















In order to exploit the Sapotaceae fruit trees which might grow well in saline soil, 
and explain the physiological adaptability and salt-torlant mechanism of the 5 species 
including Manilkara roxburghiana (Wight) Dubard, Manilkara zapota (L.) van Royen, 
Synsepalum dulcifcum Denill, Lucuma nervosa A. DC., and Chrysophyllum cainito L.. 
Experiments about the physiological adaptation, change of tissue structure, 
differentially expressed proteinsunderNaCl stress were conducted. The results were 
summarized as follows: 
1.  The salt tolerance and eco-physiological characteristics of 5 Sapotaceae 
species leavesunderNaCl stress had been researched by watering the potted plants 
with 0, 2‰, 4‰, 6‰, 8‰ NaCl solution. The characteristics indexes included the 
contents of chlorophyll, proline, soluble protein, soluble sugar, MDA, the activities of 
SOD, POD, CAT, the salnity in potted soil and so on. The results showed that 2 
Manilkara species (M. roxburghiana and M. zapota) might endure more salnity than 
the other 3 species. The chlorophyll synthesis was restricted significantly with the 
rising NaCl concentration. The activities of SOD, POD, CAT clearly associated with 
the NaCl concentration and changed in different ways for different species.With the 
rising NaCl concentration, the rising activities included the SOD activity of L. 
nervosa, S. dulcifcum, M. zapota, the POD activities of L. nervosa, S. dulcifcum, the 
CAT activities of L. nervosa, M. roxburghiana. which might play a key role in 
peroxide and other damage resistance. For each specie leaves, the contents of over 2 
kinds of small organic molecules rised with the rising NaCl concentration. The 
contents of 4 kinds of small organic molecules in L. nervosa and M. roxburghiana 
leaves, the contents of proline, soluble protein in M. zapota leaves, the contents of 
proline, MDA in S. dulcifcum leaves, and the contents of 4 kinds of small organic 
molecules except for soluble protein in C. cainito leaves rised with the rising NaCl 
concentration. The results also deduced that the proline contents clearly associated 















contents but not the increment of  proline contents might be index used to take into 
account the salt tolerant performance. It was deduced on the characteristics indexes 
that the sequence of the salt tolerance was L. nervosa ＜ C. cainito ＜ S. dulcifcum 
＜ M. zapota ＜ M. roxburghiana. 
2.  The contents and the distribution of 4 kinds of ions in 2 Manilkara species 
(M. roxburghiana and M. zapota) roots, branches, leaves were mensurated for the first 
time. The results showed that the contents of Cl－、Na＋、Ca2＋ in the 2 Manilkara 
species roots, branches, leaves rised with the rising NaCl concentration. while those 
of K＋ and the ratio of K＋/ Na＋ droped. For M. roxburghiana, the contents of Cl－ in 
rootsunder8‰ NaCl were 7.86 multiple of those in the control. The contents of Cl－ 
in branchesunder8‰ NaCl were 11.82 multiple of those in the control. the contents of 
Cl－ in leavesunder6‰ NaCl were 13.87 multiple of those in control, and 16.53 
multiple whileunder8‰ NaCl. The ratioes of K＋/ Na＋ droped with the rising NaCl 
concentration. The ratioes in roots were 0.23under6‰ NaCl and 0.17under8‰ NaCl. 
The ratioes in branches were 0.34under6‰ NaCl and 0.25under8‰ NaCl. The ratioes 
in leaves were 0.24under6‰ NaCl and 0.16under8‰ NaCl.underthe same NaCl 
concentration, the contents of Cl－followed the order: roots ＜ branch ＜ leaves. 
The contents of Na＋ followed the order: branch ＜ root ＜ leaves. The contents of 
K＋、Ca2＋ in roots were smaller than those in branches or leaves. In conclusion, the 
contents of 4 kinds ions (Cl－、Na＋、K＋、Ca2＋) in leaves were larger than those in 
branches or leavesunderthe same NaCl concentration. For M. zapota, the contents of 
Cl－ in rootsunder8‰ NaCl were 8.94 multiple of those in the control. The contents of 
Cl－ in branchesunder8‰ NaCl were 6.77 multiple of those in the control. The 
content s of Cl－ in leavesunder8‰ NaCl were 4.49 multiple of those in control. The 
ratioes of K＋/ Na＋ in roots was 0.15under6‰ NaCl and 0.13under8‰ NaCl. The 
ratioes in branches were 0.60under6‰ NaCl and 0.43under8‰ NaCl. The ratioes in 
leaves were 0.43under6‰ NaCl and 0.35under8‰ NaCl.underthe same NaCl 
concentration, the contents of Cl－ or Na＋ were larger in roots than in branches or 















contents of Na＋ followed the order: leaves ＜ branches ＜ roots. The contents of K
＋ followed the order: roots ＜ leaves ＜ branch. The contents of Ca2＋ followed the 
order: roots ＜ branches ＜ leaves. The results showed that the modes to resist 
salinity were different for 2 Manilkara species. After Cl－、Na＋ entering the plants, M. 
roxburghiana transported the 2 kinds of ions to leaves, while M. zapota kept them in 
roots. It was deduced that the mode to resist salinity was salt tolerance for M. 
roxburghiana and salt avoidance for M. zapota. It was also deduced that the 
imbalance of Ca2＋ related to the salt damage of 2 Manilkara species. 
3. The successful paraffin sections of M. roxburghiana which leaf thickness 
reached to 490 μm were finished for the first time and the method was applied to the 
other 4 species using paraffin sectioning, optical microscope and scanning electron 
microscope, the microstructures of the 5 Sapotaceae species leaves and those of the 2 
species (M. roxburghiana and M. zapota) with different NaCl concentration treaments 
were examined. The results showed that the stomatal apparatuses of the 5 sapotaceae 
species were anomocytic type. The quantities of stomatal apparatus didn’t associated 
with the salt resistance but the structures of leaves did, the thickness of leaves, cuticle, 
epidermis and palisade tissue of the 2 Manilkara species were larger than that of the 
other 3 species. The structures of M. roxburghiana also had arid character. The results 
showed that changes of the epidermis and tissue structuresunderNaCl stress were the 
same for 2 Manilkara species. The tissue structure kept normalunderlow NaCl 
concentration (0‰、2‰、4‰) while the epidermis had already been distorted. The 
characteristics of the epidermis and tissue structures were related to the NaCl 
concentration, when the NaCl concentration rised, the cuticle creased, the stoma was 
wide opened, and the stomatal apparatusthe, palisade tissues, spongy tissues, vascular 
bundles were distorted. The phloems were distorted earlier than xylems. The damage 
of phloems and xylems became more and more severeunderthe rising NaCl 
concentration stress. So the level of salt damage might be deduced by the 
characteristics of the epidermis and tissue structures. 
4.  Proteins of 2 Manilkara leaves were extracted by the optimal method. 
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